This article studies the transformative nature of "artisanal frontier mining" in view of Sub Saharan Africa's mining history. Artisanal gold production has generated livelihood earnings for millions of people in SubSaharan Africa. Yet we must go beyond a study of artisanal mining as an individual livelihood choice and consider the sector's internal dynamics. In this sense, the concept of "labour transformation" is helpful. It refers to a process in which individuals' skill acquisition, economic exchange, psychological re-orientation and social positioning evolve towards a shared occupational identity and collective professional norms, leaving considerable scope for self-governance amongst artisanal miners. This process is captured in the notion of the "frontier", which in our case refers to occupational rather than geographic locational change. However, the frontier is necessarily of limited temporal duration given the existence of gold as a non-renewable resource, the depth of the gold supply sinking beyond the exploratory and extractive reach of artisanal miners, and the expanding interests of foreign mining corporations and the state. Our argument is illustrated through a comparison of the artisanal mining experiences of two neighbouring countries, Tanzania and the Democratic Republic of Congo (DRC), whose artisanal labour patterns are remarkably similar to each other despite their very different national political contexts and the DRC's recent experience of conflict mineral production.
In the literature of the 1990s and 2000s, artisanal mining was often defined in terms of "what it was not": it was not formalized, not mechanized and not regulated. Gradually more and more academics started to criticize the tendencies of NGOs to victimize and of policy-makers to criminalize artisanal miners. 21 It is only very recently that academics have started analyzing what artisanal mining is. In this article we endeavor to probe the sector's internal dynamics, going beyond its socio-economic impact and miners' individual motivations to engage in artisanal mining.
This article contributes to the literature by conceptualizing current African artisanal mining in terms of its transformative nature in the face of temporality. We conceptualize "artisanal frontier mining" as a historically contextualized form of mining, using our field case study material from western Tanzania and the eastern DRC. These two neighbouring, gold-producing countries have been chosen because their distinctively different contexts (history, political evolution, legal frameworks and absence/presence of conflict) provide interesting contrasts for facilitating an understanding of artisanal "labour transformation" in Eastern Africa.
We argue that while engagement in artisanal mining may be an individual livelihood choice, it initiates a process in which individuals' skill acquisition, economic exchange, psychological reorientation and social positioning evolve towards a shared occupational identity and professional norms, taking shape outside of state regulation. Comparing Tanzania and the DRC's "artisanal frontier settlements", we find that they shared three essential commonalities. First, the miners acted primarily as self-directed agents. Second, they engaged in a process of labour transformation whereby their skill acquisition, professional norms, ethics and group identity were converging in an ad hoc fashion while working together. Third, they were mining in country settings where there was a weak bureaucratic state presence, leaving scope to devise their work relations on a trial and error basis. We document strong similarities in labour organization in both country contexts, despite the legacy of conflict mineral production in Congo and the two countries' distinctly different political histories during the twentieth century. Our argument has broader relevance beyond Eastern Africa and can be useful in conceptualizing African artisanal mining more generally.
In the next sections, we construct our concept of "artisanal frontier mining" before introducing the case study countries. The core of the article focuses on a description of the artisanal labour process and analyzing labour transformation, and then tracing the evolution of frontier mining sites. In concluding, we reflect on the frontier's temporality, as well as potential future pathways for artisanal miners.
Identifying "artisanal frontier mining"
Artisanal frontier mining pivots on the personal agency of miners who are willing to work in remote, difficult and often dangerous contexts, being highly motivated to take risks, endure deprivation and work hard with the aim of "striking it rich" or at least gaining higher earnings. Over time, the artisanal frontier mining experience is more challenging as artisanal miners contend with the progression of the mineral extraction trajectory. Classic gold rushes began with placer deposits, primarily involving panning for gold in riverine environments. However, this source of supply tends to be quickly exhausted and leads the determined eventually into hard rock excavation, which is likely to be considerably more difficult and unsafe, as the mine depth extends downwards to the limits of hand-held and simple mechanical technology. All along this descent, the artisanal miners are adapting to changing mineral availability through teamwork and a specialized division of labour encompassing drilling, excavating and mineral processing work, and dealing with market agents.
The labour transformation at the heart of artisanal frontier mining can be seen as a process in which individuals' skill attainment, economic interaction, psychological outlook and social positioning evolve towards a shared occupational identity that becomes an integral part of their social being. 22 It is estimated that more than one million people are engaged in artisanal mining in Tanzania, of which roughly two-thirds are gold miners. 34 In the DRC, an estimated two million people are directly dependent on artisanal mining activities (mainly gold, cassiterite, coltan and diamonds). In the eastern Kivu provinces, artisanal miners may number as many as 300,000. 35 Industrial gold production is now resurging after a decade-long conflict destroyed all industrial installations. Historically the DRC (formerly Zaire) had been a mineral rather than agricultural-export country. After a period of heavy industrial exploitation during the colonial period, the neo- . 43 The persistent labeling of all Congolese minerals as 'conflict minerals' blurs over empirical realities and requires nuance both in space and in time. In this sense we do not entirely agree with Meagher's categorical interpretation of levy payments (illegal taxes, bribes) on a daily basis at these mining sites. Unlike Tanzania, the role of customary chiefs in the organization of artisanal mining is significant. Legally, they hold an ambiguous position arising from national land legislation that has never been properly implemented.
However, in practice customary arrangements from the colonial and pre-colonial period partially persist, albeit in adapted ways. 44 Artisanal mining in eastern DRC is governed by flexible interpretation of the law and extra-legal taxation, which creates considerable scope for artisanal miners' agency. Working in a border area of a very large country with a lax and corrupt bureaucracy that does not or cannot adhere to its own rules and regulations, artisanal miners have evolved organizational practices and norms amongst themselves that creatively address the prevailing institutional and economic constraints they face. In brief, Congolese artisanal gold mining is remarkable for having emerged from a background of both colonial large-scale mining and conflict mineral practices that have now been restricted to a minority of sites with relatively limited numbers of people involved.
The artisanal labour process
In alluvial mining, panning or sluicing techniques are used to extract gold from placer deposits. Pit holders organize the work inside the pits. They usually have many years of experience in (gold) mining or related activities (processing, trade), including some who worked for large-scale mining companies before the war in the DRC. Nonetheless, pit holders can, as well, experience a run of poor returns and be relegated to digging. There is fluidity in the work hierarchy arising from performance. Pit holders shoulder the brunt of financial risk for the mining operation. They hire labour, buy the necessary tools and conduct the mining. As such they are responsible for finding gold, so much of the risks and costs related to fruitless periods fall upon them. Generally pit holders provide some equipment, batteries for torches, food and medicine for the diggers in periods of no mineral output. As these periods may last for several months or even years in some cases, costs can mount to high sums.
Diggers can be divided into different categories, depending on the type of work they do. The drillers (foreurs in DRC, waponjaji in Tanzania), who work their way into the rock mainly with hammer and chisel, are typically young men with some experience in mining and aged between 18
and 40, as the work is physically very demanding and potentially dangerous because of collapsing tunnels. The vutafelo (Tanzania) or peleteurs (DRC) remove the waste material and gold-bearing rocks in wheelbarrows or jute bags out of the pit. They are typically younger and/or less experienced and receive a smaller share in the production. In addition, specific tasks are carried out by specialized workers, who are usually paid a certain amount of cash or quantity of rocks. These tasks include security, pit supervision, construction of wooden support structures, blasting, electrical drilling, transportation, manual ore crushing (which is done by women in some sites), operation of ball mills, and separation of gold through washing and amalgamation.
Generally, diggers are not paid in cash, but in a quantity of rocks or sand, or more precisely a number of bags containing rocks or sand. This ensures visibility, making output distribution of the collective work effort transparent and less liable to theft, but individual profits are very unpredictable and dependent on the quality of the bagged rock. Systems vary between sites, but typically financiers take one third of the extracted ore, pit holders or managers take one third, and another third is distributed among the diggers. However, workers with more hazardous or specialized tasks receive larger quantities and some are paid a fixed quantity per task. Within the teams there is some hierarchy related to different specializations or payment. Anyone who is physically not able to do the hard work in the underground pits will not last long. Everyone who works underground faces the same harsh working conditions, which tends to level out status differences between the men.
Labour transformation informal apprenticeship. 48 While some fail and drop out, others are in a position to move to new sites and embark on an artisanal career thanks to a good skill base and network ties. Their career progression goes hand in hand with increasing specialization, improved material rewards, spatial and social mobility and a psychological orientation towards a new professional identity as a miner.
Their professional identity is defined by the artisanal labour process, a strong sense of self-making as miners and men, social solidarity and preference for economic autonomy. It should be highlighted that this process of labour transformation is not without problems, failures and disappointments, as the labour process is harsh, dangerous and uncertain. Our aim is not to romanticize artisanal frontier mining, but to demonstrate its transformational potential, despite its negative environmental, health, social and economic consequences. Second, miners' self-making is propelled by an optimism that their mine work will prove to be economically advantageous. Earnings in artisanal mining are unpredictable, as production depends on a mix of experience, skills and luck related to various controllable and non-controllable factors notably: the presence of rich gold veins, capital to invest, available manpower, technical support, and climate conditions. High production periods are interspersed with preparatory works and low production periods, but miners are driven by a constant hope of striking gold and getting rich. The names of some of the Congolese pits reflect this. In Mukungwe, for example, a newly opened pit was named Kitumainiya kesho (Tomorrow's hope). 50 In Kamituga one can find pits like
Bana espoir (They have hope) 51 and Qui cherche, trouve (He who seeks shall find). 52 In order to compel their luck, some miners call upon supernatural forces based on traditional beliefs and the intercession of waganga healers. banking system, unreliable road infrastructure, pervasive insecurity and fear of theft or capricious state intervention.
Fourth, artisanal miners' economic autonomy is believed to be critical to achieving a better life. Artisanal miners value their economic independence, which they contrast with wage labourers in mining companies who are subject to capitalist contractual conditions and a chain of command leaving no scope for decision-making about their work. 59 In rush and boom settlements, autonomy is reflected in miners' movement from site to site in response to the relative availability of minerals.
The wisdom of their locational decision-making has a major influence on their earnings. In the words of one Congolese commentator:
An artisanal miner is free. In our conception, a miner is a rich man if he does not work for another person. He goes to work when he wants, if he wants; he may work for two hours and if God blesses him he may find enough money to buy a car. side, some miners are observed to only show up and offer their services when a pit is about to reach peak production. They are pejoratively called kanyata na fine (those who go along with the fine gold), with a bad reputation for being opportunists. As a deterrent, some pit managers have devised an internal order of business whereby a miner who is absent from the pit for three months is declared to be a deserter. One mine pit manager stressed: 'everyone has to be aware of his obligations towards the other'.
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So without wanting to romanticize the sector, these collective norms evince movement from individual livelihood choices to collective professional and social identities, from diversification to specialization, and from apprenticeship to skill development. This process of occupational change suggests professionalization of the artisanal mining sector led by the miners rather than the state or customary institutions, an observable phenomenon in several mining areas in Africa, and clearly distinguishable from conflict mining which still exists in some localities of the Congo, albeit much less widespread than before. Meanwhile, large-scale corporate mining expansion has accelerated 59 Bryceson and Jønsson, 'Mineralizing Africa'; Geenen, 'The political economy of access to gold'. 60 Geenen interview, customary chief, Luhwindja, DRC, January 2011. 61 Geenen interview, pit manager, Bukavu, DRC, 9 June 2012; interview, local leaders, Mukungwe, DRC, 31 May 2012.
recently, existing uneasily side by side with artisanal frontier mining. However, it would be myopic to overlook the profound changes associated with artisanal mining that are influencing millions of people economically and culturally on the African continent.
Evolving artisanal frontier mining settlements
Artisanal gold mining settlements are necessarily locationally specific given gold availability. The frontier form of such sites arises from: first, gold's discovery and accessibility to artisanal miners using basic tools, and second, the window of opportunity afforded artisanal miners operating relatively free of state control and large-scale mining competition, giving scope to individual and group labour transformation. Given the high value placed on gold, such fortuitous circumstances for artisanal miners occur rarely, usually in remote, sparsely populated locations, and are of limited duration. The temporality of artisanal frontier mining modulates the social and cultural evolution of the mining sites-cum-settlements. There are three main artisanal frontier forms: the rush site, the boom settlement, and eventually a permanent settlement if and when non-mining activity becomes rooted at the location.
Artisanal frontier settlements' political context is critical to whether a site can take root, grow and evolve into boom and permanent settlements. As already mentioned, scope for the exercise of miners' individual agency, creation of a collective identity and evolution of professional norms is made possible by the weak bureaucratic presence of the central state. State agents, especially in the DRC, have a physical presence in the settlements but they are primarily engaged in collecting illegal payments, rather than implementing national laws, taxation and service provision. This is illustrated by artisanal miners' extreme difficulties to obtain legal titles to mineral rights in accordance with the Mining Code. In Tanzania, the government's field staffing is skeletal with only eight Zonal Mining Officers covering the vast expanse of the gold fields throughout the country.
While access to artisanal mining rights is highly restricted, prohibition of illegal mining is necessarily light-touch, such that the vast majority of artisanal miners are mining informally. It is estimated that less than one percent of artisanal miners had licenses in 2010.
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As the term implies, "rush sites" originate from artisanal miners' dash towards what they presume to be a promising mineral discovery. catalyze mass movement and extremely rapid population growth. For example, the discovery of gold at Ikuzi, an uninhabited forested area in Tanzania, generated a sudden rush in July 2010. The site is proximate to a small agro-pastoralist village in Geita, a mining region in northwest Tanzania.
Within weeks, the incoming migrant miners led to a fluctuating population concentration of between 9,000 and 13,000 people, in an area without sanitary facilities or residential services. When the site was surveyed in 2012, artisanal mining was ongoing but gold discoveries had subsided. The number of miners had decreased such that the total population including the original villagers constituted an estimated 5,000 and 6,000 people. At the mining site, young men were most numerous, living as bachelors with no on-site family ties. 64 Much of the housing accommodation still consisted of tarpaulin tents. Villagers from the nearby settlement were selling food and water to the miners. The main income of heads of household in Ikuzi was overwhelmingly artisanal mining (69 percent) with trade (19 percent) trailing far behind. Most of those who had not listed mining as their primary occupation (17 percent) had it as their secondary income. 65 The miners' lifestyle was one of hard work during the day and pleasurable pursuits at night. Having started as a self-governed site by miners, the site's interdependence with the nearby village brought about power-sharing governance by local leaders and the miners. 66 Evolving from rush sites, boom settlements are testimony to the fact that gold has pulling power for mining and non-mining populations alike. The latter are attracted by the business opportunities arising from miners' gold-backed purchasing power. With the inflow of non-mining migrants, the demographic profile of the settlement takes on a more balanced pattern in terms of gender and age. Boom settlements wax and wane with the gold supply. Nyarugusu, a mature artisanal gold mining settlement in northwest Tanzania, experienced its big rush and consequent boomtown existence in the 1980s, following multiple gold discoveries. By the mid-1990s people were starting to fall back on agriculture. In 2012, the population retained a strong migrant character.
The settlement had the atmosphere of a small commercial town surrounded by agricultural farms and artisanal mining ventures further afield.
The sex ratio was almost balanced. Forty two percent of household heads pursued artisanal mining as their primary income source, with farming equally strongly represented. 67 The rest had a variety of operations in trade and services. In the preceding ten years, 61 percent of the interviewed household heads reported mining as their main income source with only 22 percent relying primarily on farming. Despite diminishing mineral availability, Nyarugusu residents survived or thrived as a settlement through diversification of their livelihood strategies. The settlement was in a position to benefit from gold rushes at outlying sites in a radius of 10 to 20 kilometers. Miners from the new rush sites patronized the existing shops, bars and restaurants of Nyarugusu. In so doing, Nyarugusu avoided sliding into being an agricultural backwater or ghost town, and instead edging towards permanence. Its traders and service providers were doing reasonably well, albeit the rising incidence of farming suggests that not all residents were engaged in the entrepreneurial boom.
In permanent settled sites such as Kamituga in the DRC, the population consists of a mix of local and migrant men, women and children. Kamituga currently has about 100,000 inhabitants, compared to an estimated 56,000 in 1999 and 33,000 in 1992. 
Conclusion: The fading frontier
In this article artisanal frontier mining is conceived as a process of occupational rather than spatial transformation, emphasizing the significance of labour activities and the internal dynamics of relations between the miners. The emergence of an artisanal mining group identity crystallizes as a distinct occupational frontier juxtaposed to the agrarian work regime and social relations of local 68 Geenen, 'The political economy of access to gold'.
farming communities, expressed in the collective interests that artisanal miners pursue in their encounters with the state and the local population.
The frontier's temporality emanates from gold as an ephemeral natural resource whose physical availability becomes more elusive as extraction deepens. The occupational development and settlement patterns that evolve on this material foundation are best understood as a process with uncertain timing but inevitable eventual decline. It is therefore tempting to depict the artisanal mining frontier as flaring with the discovery of gold, igniting the rush for gold, reaching full combustion during the boom when mining and non-mining livelihoods expand alongside rising mineral extraction, but eventually extinguished by changing physical and political circumstances.
Tanzania and the DRC, for different reasons, have had a limited or ineffectual state presence in the gold fields, providing a window of opportunity for artisanal miners over the past decade.
Nonetheless, mineral-rich African states are keen to attract foreign mining investment, attuned to the far higher royalty and tax-generating potential derived from large-scale mining's excavation of deep seams of gold-bearing ore. 69 The artisanal mining frontier erodes in the face of a growing political coalition between the state and large-scale corporate mining, which includes both legal contractual and corrupt alliances. This globally recurring historical pattern affords artisanal frontier mining at best a few decades to operate.
What is the future for artisanal miners in the face of the frontier's inevitable demise? In Tanzania and DRC, artisanal miners have five main pathways. First, they may move to areas designated as artisanal mining zones by the government. This will only work if those zones prove to be productive and accompanied by sufficient incentives in the form of technical, material and financial support for artisanal miners. Second, the miners may reside adjacent to large-scale mines and endeavor to gain a livelihood from processing mine-owned tailings or deposits either legally or illegally depending on the policy of the large-scale mine, but often under highly uncertain, contestable circumstances. Third, they may remain in situ or move elsewhere to farm. This is likely to be a fallback measure of necessity rather than choice. Fourth, some artisanal miners who have The parallel evolution of artisanal mining frontier sites in Tanzania and the Congo, despite the latter's relatively recent experience of conflict mineral production, and the uncanny similarities between them and artisanal mining experiences elsewhere in the world over the past two centuries is due to the convergence of international market forces expressed in a rising gold price. The high price provides the incentives for people without previous artisanal mining experience to try their luck in the context of a relative absence of large-scale mining interests and the local and national state. The occurrence of these conditions trans-historically and spatially have given vent to the spontaneous evolution of frontier artisanal mining briefly until, the gold supply dips beyond an accessible depth for artisanal miners, the international gold price, which has been slipping for the last two years, becomes unremunerative or the nation-state and corporate mining interests block its further development. However long it lasts, it constitutes a pivotal interlude, offering an ethos for new forms of African work creativity during the twenty-first century.
